Abstract. The Pediatric Health Information System (PHIS) database collects admission, diagnostic, and treatment data among 44 children's hospitals across the United States (U.S.) and presents an opportunity for travel-associated infectious disease (TAID) surveillance. We calculated cumulative incidence rates among children admitted to 16 PHIS hospitals for dengue, malaria, and typhoid, and pooled TAID using discharge codes from 1999 to 2012. We compared incidence rates before, during, and after the 2007-2009 economic recession. Among 16 PHIS hospitals during the study period (1999)(2000)(2001)(2002)(2003)(2004)(2005)(2006)(2007)(2008)(2009)(2010)(2011)(2012), incidence of dengue and pooled TAID (malaria, dengue, typhoid fever) increased significantly, and rates of malaria and typhoid trended upward. Admissions for dengue and pooled TAIDs increased significantly among 16 children's hospitals across the United States from 1999 to 2012. The PHIS database may provide a useful surveillance tool for TAIDs among children in the United States.
International travel to other countries has increased 5% in the United States and 48% worldwide in the last decade, and more travelers visit low-and middle-income countries (LMICs) than ever before. 1 As many as 8% of U.S. travelers seek medical care, and many more suffer from milder illness while abroad. [2] [3] [4] A significant proportion of the 62 million annual U.S. international travelers develops illness after returning to the United States with infections that may be unfamiliar to local health-care providers. [5] [6] [7] Estimating incidence rates of non-endemic diseases may help public health officials direct educational resources and raise awareness among local practitioners.
Currently, surveillance systems for travel-associated infectious diseases (TAIDs) in the United States are limited. Many TAIDs are reportable to state health departments, but reporting is often unreliable. 8 The GeoSentinel Surveillance Network (GSSN) is a system of 57 travel disease clinics worldwide, including 15 clinics in the United States. Although the GSSN obtains robust clinical and diagnostic information, it surveys only those seeking care at specialty travel clinics, and only 7% of GSSN patients are children. 1 The Pediatric Health Information System (PHIS) database was established to collect administrative and financial data from pediatric hospitals across the Unites States. More recently, the database has been augmented (PHIS+) to also collect clinical, laboratory, treatment, and outcome data at multiple health-care settings (inpatient, outpatient, and emergency departments [EDs]) among 44 freestanding children's hospitals across the United States. 9, 10 It offers an opportunity for objective hospitalized TAID surveillance among the greater than 5 million children hospitalized annually at these institutions. 11 We evaluated the PHIS database as a potential TAID surveillance tool by determining cumulative incidence rates of three TAIDs (malaria, dengue, and typhoid fever) among PHIS hospitals over a 14-year period.
A total of 16 PHIS hospitals from geographically diverse metropolitan areas (median population 426,001 people, interquartile range 247,026-757,907 people) 12 had non-missing data available during the study period (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) (061) were identified within the PHIS database. Readmissions for the same ICD-9 diagnosis were excluded from the analysis. Cumulative incidence rates of malaria, typhoid, and dengue as well as pooled TAID incidence rates for all three diseases were determined by dividing hospitalized cases by total hospital discharges per year. Individual disease and pooled incidence rates were compared over the study period (1999-2012). We hypothesized that TAID incidence rates may have decreased during the 2007-2009 economic recession due to decreased international travel, and thus, rates for before (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , during (2007-2009), and after the U.S. economic recession were compared. 7, 14, 15 Categorical variables were compared using χ 2 with Fisher's exact testing when appropriate.
The 16 PHIS hospitals represented 2,203,063 pediatric hospital admissions during the study period. Individual and pooled cumulative TAID incidence trended upward from 1999 to 2012, though the trend did not achieve statistical significance (r 2 = 0.158). When comparing cumulative incidence rates from before (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) , during, and after (2010-2012) the 2007-2009 economic recession, there was a significant change in incidence rates for dengue (P = 0.016) and pooled TAID (p = 0.009), though all diseases studied showed a similar trend with decreases during the recession and highest rates after (Table 1, Figure 1) .
We observed an increasing trend of three TAIDs among children in the United States over a 14-year period. Other data support this trend. From 1999 to 2011, passive surveillance from the Centers for Disease Control and Prevention (CDC) showed an increase in malaria incidence of 9%, an increase in typhoid incidence of 50%, and an increase in dengue incidence of 117%. [16] [17] [18] Although the CDC data indicate a greater increase in TAID incidence than our data, it should be noted that their sample population includes adults in addition to *Address correspondence to Daniel Olson, Department of Pediatrics, University of Colorado, 13123 E 16th Avenue, Box 055, Aurora, CO 80045. E-mail: daniel.olson@childrenscolorado.org children and their surveillance systems have improved over the same time period, thus increasing disease detection and raising estimated incidence rates. Improved diagnostics, especially for dengue, may have influenced our increased case detection as well.
The PHIS database offers several strengths as a surveillance tool. Cases are determined by ICD-9 code, which is consistently documented in hospital records between hospitals and over time, whereas passive reporting may be incomplete. 8 The scope of the PHIS database is another significant advantage. Our study with 16 PHIS hospitals demonstrated an upward trend in TAIDs over a time period that included an economic recession. Though our data were limited by low case numbers, the PHIS database has since grown significantly larger, consisting of 44 pediatric hospitals with 605,966 admissions, 2,803,675 ED visits, and 1,504,384 outpatient visits in 2013, reflecting a large proportion of children seeking medical care across the United States. Although our primary aim was to estimate incidence of TAIDs using ICD-9 coding, the PHIS database also offers additional data, including diagnostic tests performed, epidemiologic information, clinical data, and mortality, which can be used for a variety of purposes such as determining risk factors for acquiring disease. Regional data among PHIS hospitals can be compared as well.
There are several notable weaknesses to our use of the PHIS database in disease surveillance. Data in the PHIS database are made available every 3 months, so real-time data are unavailable. We analyzed only hospitalization discharge data from selected pediatric hospitals, likely representing a small fraction of all clinical illness in traveling children. We used only principal ICD-9 diagnosis code in our analysis assuming the TAID would be the primary reason for hospitalization. Using all ICD-9 codes as well as including ED and outpatient visits may increase the sensitivity of detection, but coding variation may also bias estimates of disease incidence. ICD-9 codes may also not always reflect a patient's actual diagnosis, though appropriate laboratory testing for TAIDs is available and should be used in the United States to increase diagnostic accuracy. Typhoid and, more recently, dengue are endemic within the United States, though they remain strongly associated with travel. Another limitation of the PHIS database is that it collects limited epidemiologic data such as travel history. As a result, we were unable to further characterize risk factors for acquiring TAIDs such as type of travel, reason for travel, and immigration status. Although our analysis defined the U.S. economic recession as 2007-2009, the decrease in outbound international travel appears to have continued early into the recovery, reaching a nadir in 2011. 7 Given our restricted sample population of 16 pediatric hospitals, we did not perform a comparison of TAID hospitalization incidence using outbound international travel data as an unspecific denominator because it was unlikely to produce meaningful results.
In summary, we identified a novel tool for TAID surveillance among children in the United States. Consistent with passive reporting data, the PHIS database demonstrated an increased trend of individual and pooled TAIDs over the last 14 years. The database also demonstrated significantly increased rates in dengue and pooled TAIDs when comparing before, during, and after the 2007-2009 economic recession. The increased incidence rates should remind providers to remain vigilant about TAIDs, especially as outbound U.S. travel continues to increase. Now with 44 participating children's hospitals across the United States, the PHIS database may provide a useful and objective instrument for disease surveillance, including an assessment of the economic impact of diseases.
